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NATIONAL ADVISORY COMMITTEE FOR&3RONAUTICS

Rj3SEMRCHMEMORANDUM

OF A CANARD MISSILE CONFIGURATION

By J. Richard Spahr and Robert A. Robinson

Wind-tunnel tests were performed at Mach n-ers of 1.5 and !2.0 ti
investigate the force, mmmmt, and control characteristics of a canard
missile configuration (Grunmn XSSM4@ and its components in both
pitch and sideslip. The missile had smll all+novable horizontal cow
trol surfaces at the nose and a cruciform wing at the rem, all of trap-
ezoidal plan form. Trailing+dge flaps on the vertical.fins were pro-
vided to supply dtiectional control.

The results of the tivestigation showed no unsatisfactory aero&y–
namic characteristics in pitch or in sideslip for the complete config-
urateion or for the various conibinations of components tested. The
complete configuration was longitudinally and directionally stable for
the center of gravity located at the body midlength position, and the
magnitude of the stability was essentially constant throughout the range
of angle of attack (-2° to 8°) and sideslip (-8° to 2°) tivestigated.

Force, mment, W control-effectiveness values for the complete
missile and its components were computed through the use of appro~te ‘
theories, and conrpsrisonswith the eqerimental. results are presented.
For the body alone and in cofiination with either the wing or canard
surfaces, the theoretical lift ad moment curves were in reasonable
agreement with the ~erinlental results at both Mach nu?ibers. For the
complete missile, the predicted values of lift coefficient at both Mach
tiers and the pitchx~nt coefficients at M = 1.5 were also ti
reasonable agreement with the eqer-tal results; whereas at M = 2.0
the pitchiug+nneti coefficients were considerably less in m?vgnitude
than the exper-ntal values. The lift effectiveness of the canard
surfaces was overestimated at M = 1.5 by linear theory, whereas the ●

moment effectiveness was considerably underestimated at both ~ch n-
hers. The cross-force and yawing+noment effectiveness of the rudders
were predicted within about 15 percent by linearized supersonic airfoil
theory. Q
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The complete configuration h sideslip
attack exhibited a positive dihedral effect
itive deflections of the canard surfaces.

INTRCIDUCTION

I?ACARM A51c08

at a positive angle of
which increased with POE+

.

m

In order to obtati a realistic prediction of the performance, sta--
bil$ty, and control characteristics of a missile configuration, the
interaction effects among the various components (wing, body, and tail)
must be known. Both the theoretical and experimental aerodyuimdc char-
acteristics of w-s and bodies acting alone have been investigated
rather extensively, but only limited results ~e available on the inter-
action among the co~onents of win@ody-tail configurations. one IIBans
for assessing the applicability of e%ist~ information on these ini%r-
action effects is a correlation of the exper@dziLly determined char-
acteristics of particular missile configurations with the characteristics
predicted from theoretical nwthods.

A wind-tunnel investigation has been made to measure the lift,
——

drag, and static longitudinal– and directional-stabilltyand control
characteristics of the Grumman XSSM+N4 (Rigel) Pilotless Aircraft at

.

Mach nwibers of 1.5 and 2.0 to correlate the ~erimental results with
available theory where possible, and to ascertain from the experimwxtal. a
results whether or not some of the more important tactical and guidance
requirements of the missile could be satisfied.

—

The Grumman XSSl&N& (Rigel) Pilotless Aircraft is ar~jet
powered, surfac~to-eurface missile of canard arrangement employing
lifting surfaces of trapezoidal plan form. All+ova ble canard surfaces
provide longitudinal control, and trailing-dge flaps (rudders) on the
vertical fins supply directional control. The missile is designed to
cruise at an altitude of 50,000 feet at a Mach nunher of 2.0 and to
maneuver h an essentially udbanked attitude throughout its flight path.
The canard surfaces are required to produce em acceleration of 3g in
pitch at cruise conditions, and the rudders must supply the necessrmy
directional control. The missile must be longitudinally and directio~
ally stable with respect to the center of gravity at Mach numbers from
1.5 to 2.0, booster fins providing stability at Mach nxmibersbelow this
range.

The ‘presenttests were conducted at the request of the Bureau of
Aeronautics, U. S. Navy, and the model was furnished by the Grmman
Aircraft Engineering Corporation. r.
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NOTATION
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All forces and moments are referred to the system of axes shown in
f@ure 1.
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normal acceleration, feet per second squared

drag coefficient
(

total drag -base dra
@ 9

rise in drag coefficient above minimum (CD

minimum drag coefficient

rolling+mmnt coefficient

\
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(rolling moment

qsd )

)-%)*

lift coefficient
()

lift
~

pitching+noment coefficient
(

pitching moment
qSd )

yawing+noment coefficient
( )

yawing moment
qSd

cros~force coefficient
(

cross force
qs )

maximum body diameter, inches

acceleration due to gravity, feet per second squared

pressure altitude, feet

body length, inches

fre’estream dynamic pressure, pounds per square inch

Mach number

neutral point aft of body nose, referred to maximum body
di-ter, d

Reynolds nuniber,referred to body length, Z
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s body frontal area, squs.re

w gross weight, pounds

a angle of attack, de~ees

inches

P angle of sideslip, degrees

E angle of downwash, degrees

5C canard-surface angle, degrees

t)r rudder angle, degrees

r -1

7W wing efficiency, (%!)*HVC - (3),,

(313HV - (:)B

B

c

H

v

L -J

Configuration Designations

bOa.y

canard surfaces

horizontal wings

vertical fins
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AHARATUS

Wind Tunnel and Balance

5

The Ames l-by *foot supersonic wind tunnel No. 2, in which this
investigation was conducted, is an intermittent-operation,nonreturn,
variable-pressure wind tunnel. The compressed dry air supply is obtained
from the Ames 12-foot pressure wind tunnel and is esed from a max-
imum pressure of 6 atmospheres through the l-by >foot nozzle to atmo-
pheric pressure. The total pressure, aud hence the Reynolds nunber, is
controlled by means of a throttl~ valve. The wind tunnel is equipped
with a variable Mach number nozzle having a rectangul= test section
1 foot tide by approximately 3 feet high. The Mach nuiber canbe varied
from about 1.2 to 4.() by changing the shape of the flexible steel ylates
which form the upper and lower walls of the nozzle.

The stra~age balance and other instrumentation used in these
tests were essentially the same as those used in the Ames l-by 3foot
supersonic wind tunnel No. 1. (See reference 1.) Pitching or yawing
moments were ~asured by strati gages mounted on the model supporting
sting, and the rolling moments were measured by means of strain gages
incorporated in the balance. A drawing of the stra~age balance and
model support is presented in figure 2.

Model and Support

The configuration tested (fig. 3) was a model of a rmjet powered
canard missile having a hOO conical shock diffuser. For this model the
duct inlet was faired over, and hence there was no internal flow through
the model. The body had a fineness ratio of IJ.5 and terminated in a
short, tapered boattail section. All wings and control surfaces had
trapezoidal plan forms and were removable to allow madel build-u~ tests.
The canard surfaces had a &percent-thick doubl~edge section, and the
wing and fin had a 6-percent-thick hexagonal section. (See fig. 3(d).)
The angles of the all+novable canard surfaces were set by machined inci–
dence blocks which were held in place by cover plates. S* @@Ps
(about O.001–inch wide), which increased with control deflection,
existed between the root section of the canard surfaces and the body.
These gaps were left unsealed for the present tests. Fixed rudder
deflections were built into interchangeable vertical fins, resulting in
no gap at thehingeline or at the rudde+body juncture. The geometric
characteristics of the whgs and controls are summerized in table I..
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The model was supportedby a straight sting inserted into the
model base at an angle of 3°. This arrangement, shown in figure 4,
ensbled the model to be tested through an angle-of-ttack range of
+0 to 8°, an angle-af-sidesliprange-of +“.to 2°, and an angle-f-
sideslip range of +7° to 5° at an amgle of attack of 3°. The model was
mounted with the plane of the wing vertical for the sideslip tests.

The sting support was shielded from aerodynamic forces by a shroud
that extended to within a snmll distance (about 1/32 inch) of the base
of the model. Stati&pressure orifices in the sting adjacent to the
base of the model permitted measurement of the base ~ressure of the body.
Unpublished pressure+istribution results have shown that the pressures
thus obtained are in close agreement with the average pressures acting -.
over the base.

The measured results
which are referred to the
attack or sidesiip of the

ANALYSIS OF DATA

have been reduced to aerodynaniiccoefficients
axis system shown in figure 1. The angle of
model was computed from the sum of the

balsnc~le setting, the inclination of the model relative to the
balance under no load, and the change in eagle due to the support and
balance deflection under aerodynamic loading. The latter quantity WEM
determined from the predetermined elastic properties of the balance and
model-support system and from the measured forces and moments. The
control-surfaceangles were measured directly, prior to the test runs>
and it was estimated that the change in these angles due to aerodynamic
loading was negligible.

—

.

—

‘1

Corrections to Experiment81 Resul.ts

The aerodynamic coefficients presented have been corrected for the
effects of wind-tunnel-stream nonuniformities. Corrections were made to
the force ad moment coefficients for the loading induced on the body at
each angle of attack or sideslip by the stre~le variations and by
the static-pressuregradients. A description of the method used in
calculating these corrections is given in the appendix of reference 2.
The corrections for the effect of stream angle on the loading over the
lifting surfaces were computed on the basis -ofthe average chordwise
value of stream angle since the variation over the chords of the tidivid-
ual wings was small. The effectsof the vertical
the horizontal surfaces were “negligibleby virtue
nesses involved.

pressure gradients on , .
of the small thick-

*.
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AD drag data have been corrected to a common pressure on’the base
equal to the fre~tream static pressure. Thus, the drag data presented
represent the fore drag or the difference between
base drag.

Recision of Results

the total drag and the

The estimated error in the experimental results for a given test
condition is taken as the square root of the sum of the squsres of the
uncertainties in each of the measured quantities and in the calculated
corrections for the nonuniform stream conditions. The following table
lists the esthated errors at both Mach ntiers and at an ule of
attack of 8° or an angle of sideslip of -8°:

Estimated error

QumtLty
Configurations Config@ations

BandBC BHV and BHVC!

CL and Cc +0.03 +0.04

cmand~ *.08 * .19

% +.01 ~ .01

c~ .- + .004

M *.02 +.02

CL(deg) *.08 k.08

5 (deg) .— *.06
1

.

.
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TESTS AND RESULTS

Tests were performed for the following model configurations and
conditions:

I Configuration

I B, BC, BHV,
and BHVC

I BHVC

I BHVC

I BBYC

M

1.5 and
2.0

1.5 and
2.0

1.5 eJld
2.0

2.0

a

-4°
to 8°

+2°,
to 8°

0°

3°

NACA RM A51c08
.

The average Reynolds nuniberfor these tests was 8.o million based on

.

.

the model length.

The experimental results for the various configurations tested in
pitch are presented in figures 5 to 1.2 and the results for the complete ‘ –
missile tested in sideslip are given in figures 13 and 14. Theoretical
lift and moment curves are also shown where”possible for comparison
with the correspending experimental resul.ts. A summary of both the

.—

experimental and theoretical characteristics“-of the several missile coni- ‘“
ponents and cotiinations is presented in table II. The experimental
slopes represent the values in the vicinity of zero angle of attack or

—

sideslip.

DISCUSSION

Characteristics in Pitch

are
coDf’iKuration B .- The lift, mo~nt, and drag results for the body

.

presented in figure 5. It is.observed that with ticreasing angles
—

.
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of attack the lif=urve slope dC!L/da characteristically increases,

whereas the momentiurve slope dC#du decreases. From these effects
it is apparent that a rearward shift of the center of pressure occurs
with increasing angles of attack since the cente~f-pressure travel is
essentially equal to changes in the ratio of the moment to the lift.

Theoretical curves for the lift, moment, and drag characteristics
of the body are shown in figure 5 as computed fcom the potential-flow
theory of reference 3 and from the theory of reference 4 in which the
potential-flow theory is modified to account for the aerodynamic loading
induced by the viscous cross flow over the body. The drag coefficients
termd theoretical in figure 5 represent the sum of the experimental
minimum drag coefficient end the rise in drag coefficient with increase
in angle of attack A% obtatied from these two theories.

A comparison of the results presented in figure 5 shows that the
lift coefficients and changes in the drag coefficients computedby the
method of reference 4 are in considerably closer agreement with the
experimental results than are those computed by the method of
reference 3. A similar agreement was found in references 4 and 5 for
a wide vexiety of bodies at subsonic and supersonic velocities. It iS
noted that the pitching-o?mmt coefficients for the two theories are
nearly coincident. This result folLows from the fact that the center
of the viscous cross force is near the midlength point of the body,
which is the point to which the pitching moments are referred. The
experimental values of pitching-oment coefficient at high angles of
attack are noted to be somewhat less than the theoretical values at
M = 2.0 but the agreement is close at M = 1.5.

Configurations BC and BHV.— The lift, momsnt, and drag results for
the body h conibinationwith the csmard surfaces and with the horizontal
wings &d vertical fibs are presented in figures 6 and 7, respectively.
It is noted that with the exception of co@iguration BC at M = 1.5 the
lift and mo~nt curves for these configurations are essentially linear,
indicating little cente~f-pressure change with increas~ angle of “
attack. The lift curve of configuration BC at M =1.5 (fig. 6(a))
exhibits an increase in slope dCL/d~ with an increase b angle of

, attack similar to that shown by the body alone (fig. 5).

Theoretical lift and moment curves (figs. 6 emd 7) for config–
urations BC and BHV have been computed by me-s of a modified slender-
body theory end a body-upwash theory for compairson with the e~rimen-
tal results. With both of these methods, the lift and moment
coefficients for a wing-body cofiination at a given angle of attack
are taken as the sum of the theoretical lift or moment coefficient for.
the body and the corresponding value for the wing in conhination with
a semi-infinite cylinder having a diameter equal to that of the body

. at the wing location. I?orthe present applications the theoretical
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lift and moment characteristics of the body

NACA RMA51C08

for both methods were
obtained from the theory of reference 4, which includes the aerody-
namic loading due to the viscous cross flow over the body. It WaS
assumed In these calculations, however, that no viscous cross force
existed over the portion of the body which contained wings or canard
surfaces, and that the effect of the canard surface or wing dowmwash on
the body was negligible. It was also assumed that the vertical fins had
no effect on the lift or moment characteristics of configurationBHV in
pitch.

For the modified slende+body theory, the lift and moment coeffi-
cients for a wtdg-cylinder coxtibinationare taken as those computed by the
slende~ing+ody theory of reference 6 multiplied by the ratio.of the
wing lift and moment coefficients obtatied from linear theory to the
corresponding coefficients obtained from the slender~ing theory of
reference 7. ,The linear-theory characteristics for the wing and canard
surfaces of the present configuration were obtained from reference 8.
A discussion of the development of the modified slender-body theory and
its application to triangular-wing smd body-combinations are given in
reference 2 wherein good agreement is shown with the experimental results.

For the bodywpwash theory, the lift and moment coefficients for a
wing<ylinder cofiination are given by the lift and moment coefficients
of the exposed wing operating In the theoretical flow field of an
inclined cylinder. These wing characteristics are obtained by means of
strip theory, that is, the integration over the plan fo??mof the product
of the local angle of attack (a-e) and the local rate of change of load
coefficient with angle of attack as computed from linear theory for a
flat wing of the given plan form. These lift end moment coefficients .
may be expressed by the general equations

J d(AP/q) (-c) xdxdycm+
daT

where

s reference area

‘~ local load coefficient
q

a

-.

. . .

-

.

. .

.. . .—.

.,

.

.-

.-

.
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E local downwash angle
.

d reference length

x streamwise distauce forward of moment reference point

Y spanwise distance from body axis

T exposed wing or canard surfaces

For a circular cylinder, the theoretical upwash distribution in the
horizontal meridian plane (z=O) is given by,the relationship
(reference 9)

2

()
—C=u ~

Y

where

a body radius

.

.

.
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The theoretical load coefficients Ap/q for the present plan forms
were obtained from reference 8. Applications of the body-ash theory
to wings of simple plan forms in coribinationwith a semi-infinite cyl-
inder and comparisons with experimental results are given in
references 10 smd Il. Closed expressions are derived in reference 10
for the lift characteristics of a cotiination having a general tray
ezoidal pl~form wing, and the lift and pitch~~mnt characteristics
of a body in conibinationwith rectangular or triangular wings are given
in reference 11. Generally good agreement is shown in these reports
with experimental results.

Comparison of the results for configuration BC (fig. 6) she% that
the theoretical lift and moment coefficients are in good agreement with
the experimental values, the results computed by the bodyapwash theory
being generally in closer conformity with experiment than those from the
modified slender+ody theory. For configuration BHV (fig. 7)) however)
it is noted that the theoretical values of lift computed by both the-
ories are less than the e~erimental values and that the moments me
more positive than the exper-ntal values. ti contrast to the co~ar-
ison for configuration BC, the results for configuration BHV computed
by the modified slender+ody theory are generally in closer agreement
with the e~erimmtal results than those computed by the body~pwash
theory.

Although the lift and moment results computed from the two theoret-
ical methods are in reasonable agreement with each other, such agree~nt
may be fortuitous because of the assumptions =d approximtionfa involved
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in these methods. It is believed that the modified slender-body theory
is inherently a more valid method than the body-ash method since,
in the former method, both the effect of the wing on the body and of the
body on the wing are included whereas, in the latter ~thod, it is
assumed that the interference is confined to the effect of the body flow
field on the wing and that no wing lift is Carried over onto the body,
which is contrary to experimental evidence. Moreover, in the body-
upwash method it i.sassumed that no interaction takes place between adja-
cent lifting elements on the wing as induced by the local body-upwash
field. This assumption is valid only in regions of small.spanwise veloc-
ity gradients. However, the actual spanwise downwash gradients are
relatively large, especially over the iribosrdregion of the wing. The
results of calculations by m&ans of the linearized lifting-surface theory
indicate that the local loadings induced on a wingby the body flow field
are considerably less in this region than those predicted by strip theory.
It follows that the lift computedby this method is underesttitedby
neglecting the effect of the wing on the body and is overestimated by
using strip theory. Hence, these two approximations apparently result
in nearly compensating effects on the lift end moment coefficients of
the present configuration.

.ConfigurationBHVC.- The lift, moment, and drag results for the
complete configuration are presented in figure 8. It is noted that the
lift curves are essentially linear and that the variation of the momenh
curve.slopewith angle of attack is small. Thusj no appreciable change
in static longitudinal stability occurred over the range of angle of
attack investigated. The neutral-point loc.a~ionsgiven in table II
indicate an increase in stability with Mach nuniber.

As a measure.of the interference effects of the canard surfaces
and body on the wing+ody combination, the pitchingaoment results of
configurationsB, BC, BHV, and BHVC can be cotiined to determi+e the
wing efficiency ~ as defined in NOTATION; The wing efficiency is
influenced principallyby the downwash field behind the canard surfaces
and body and secondarily by the differences in the Mach rnmiberand
dynamic pressure at the wing from the free-stream values. The resulting
values of VW) given in table II, were computed from the average slopes
of the experimental pitching-ment curves. These values indicate that
the net interference effect is relatively small stice a value of 1
represents no interference. These relatively high wing efficiencies
are probably due to the fact that the effect on the wing load of the
downwash behtid the canard surfaces inboard of the canard tips is
largely compensated by the effect of the upwash behind the surfaces
outboard of the tips since the wing span is considerably greater than
the span of the c=ard surfaces. Schlieren photographs we presented.
in figure 9 which show side and plan views of the vortexwake shed by
the canard surfaces and wing. From the pl& view it is observed that-
the tip vortices converge in passing downstream, tidicating a rolling

.

—

+“

—
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up of the vortex sheet. From an analysis of these schlieren photographs
it was found that the canard-surface tip vortices are essentially rolled
up in the vicinity of the wings. This result is in qualitative agree-
mmt with reference 12.

Since the interference effects of the canard surfaces and body on”
the wing+ody combination were found to be small, as indicated by the
experimental values of qw (table II), theoretical lift and moment
curves for the complete configuration have been computed on the basis
of zero interference (qw=l) between the front and rear lifting surfaces.
The results obtained from both the modified slendetiody and body-
upwash theories are shown in figure 8, and ‘thelift- end momen&curve
slopes at zero eagle of attack from the modified slender+ody theory
are given in table II. The comparison between the theoretical and
e~erimental results is generally similar to that shown for configura—
tion BHV. This would be expected since the wings furnish the predo~
inating influence on the characteristics of the complete c~iguration
by virtue of their size and lift effectiveness.

The effects of deflection of the canard surfaces on the aer@namic
characteristics of the complete configuration are shown in figures 8
and 10. From figure 10, it is noted that the control~ffectiveness
parameters dCL/d6c and dCm/dbc are essentially constant over the
angle+f~ttack range and are independent of the control deflection
except that at M = 1.5 the moment effectiveness decreased somewhat
above about 6°. Theoretical lift and moment control~ffectiveness
values have been computed from linear theory (reference 8) on the
assumption that the net interference effect on the wing is negligible.
The results of these calculations are given in table II and figure 10.
The lift results appe~ to be in reasonable agreement but the theore+
ical moment effectiveness d~d6c is considerably less then the
experimental values at both Mach numbers.

From the lift and moment results of figure 8, the maneuverability
and stability characteristics of the missile for various conditions of
flight canbe estimated. Figure 11 shows the lift for zero pitching
moment attainable wtth various control deflections with the center of
gravity located at the midbody position. The corresponding normal
accelerations for the design missile loading and for two altitudes are
also shown. These accelerations are inversely proportional to the
loading and, hence, values at other loadings may be determined accord–
=. It is ~ted that with the larger control deflections the manae
verability increases with increases in Mach nuuiberand that a large
decrease occurs with increases in altitude. A tactical requirement of
the present missile is that an acceleration of 3g shall be developed a’
M = 2.0 at an altitude of 50,000 feet. Figure IL indicates that a
control deflection in excess of 15° would be required to meet this
condition. Figure 12 shows the variation in nor=l acceleration with
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static margin, which is aa indication of the effect of static stability
on maneuverability. For a constant control deflection it is noted that
large reductions in the available accelerations are suffered by increases
in the static margin, particularly in the region of low stability. The
reduction of the static margin to permit large accelerations with a
given control deflection, however, is accompanied by an increase in the
angle of attack. In order to maintain large lift-drag ratios, it is
desirable to avoid high angles of attack. The variation in acceleration
with static margin for am angle of attack of 5° is shown in figure I-2.
It is noted that the acceleration increases slightly with increasing
stability although, of course, larger control deflections are required
to develop these accelerations.

. .

—
-.

.,

Characteristics in Sideslip

The cros%force, yawing-~nt, and drag results for configuration
BHVC at zero angle of attack are presented in figure 13 as fuuctions of
angle of sideslip. Both the cross-force and yawingmment curves are
essentially linear tidicating constant static directional stability over ~ –
the test range of sideslip angles.

.

Theoretical values for the cross-force and yawing-oment curve
slopes were computed by the two methods previously discussed for config-
urations BC and BHV in pitch. In these calculations it was assumed that .*

the canard surfaces and horizontal wing had no effect on the cros~force ..
and yawing-moment characteristics In sideslip. These theoretical
results, given in figur(’13 and table II, show that the cross-force
coefficients are generally lower than the experimental values, the
agreement being within 10 percent for the slender+ody theory and only
20 percent for the body-upwash theory. The theoretical yawing~oment
coefficients, however, are much less negative than the experimental

.-

values. This comparison is qualitatively similar to the previously
discussed comparison for configurationBHV h pitch.

The effect of rudder deflection on the characteristics in sideslip
is shown in figure 13. A rudder deflection of 20° results in an essen-
tially constant increment of cross-force and yawing~ommt coefficients
over the sideslip range. Theoretical values for the rudde~ffectiveness
parameters dCc/dbr and dC~d5r have been computed from linear theory
and the results are tabulated in table II with the corresponding exper-
imental values ACc/A5r ad ACn/Abr. Comparison of these results shows

—.

that the theoretical and experinwntal valtis are in close agreement
except for the moment effectiveness A~/A8r at M = 2.0 which differs
by about 1.5percent.

,..

.
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The cross-force, yawing-ment, rolling-oment, and tiag results
for configurationBHVC at M = 2.0 and at 3° angle of attack are pre-
sented in figure 14 as functions of angle of sideslip for various
canard-surface singles. The side-force and yaw~+m!ent cmves are
essentially linear indicating that no changes h static directional
stability occurred over the test range. Comparison of the side-force
and yswing-ment curves for zero canard-surface eagle and 3° angle of
attack with those for an angle of attack of 0° (fig. 13) ‘showsthat
both the side-force and yawing~ment curve slopes are reduced slightly
due to an increase in angle of attack. (See table II.) Theresul.ts
presented in figure 14 show that increasing the canard-urface deflec-
tion also caused a reduction in these quantities and resulted in a desta-
bilizing effect. The roll.e~nt curves show that a positive dihedral
effect occurred which increased with ticreasing canard-surface angles.
The rolling moments encounteredby this configuration in co~ined pitch
and sideslip are probably caused by several factors. One of these
factors is the interaction between the wings and vertical fins. Under
these conditicms, a difference in the flow field over the upper fin from
that over the lower exists due to the inclination of the horizontal wing
and, hence, when the vertical fin is inclined in sideslip, a differen—
tial loading over the fins results. A similar and compensating effect
of the fins on the wing loads is experienced, hut the resulting rolling
moment for a rotationally symmetric configuration will be zero only when
the angle of attack and sideslip are equal. A theoretical treatment for
this effect is given in reference 13. For horizontal wings of different
size or plan form or W a different longitudinal location from the ver—
tical fins, a net rolling moment will be experienced at all cotiinations
of angle of attack and sideslip. Another cause of these rolling moments
is the effect of the asynmwtric downwash distribution from the canard
surfaces on the wing load distribution. This effect would be inte-
sified by deflection of the canaid surfaces and is probably the cause
for the variation in rolling mcnmnt with control deflection shown in
figure 14.

CONCUJDIIW REMARKS

Wind–tunnel tests were performed at Mach numbers of 1.5 and 2.0 to
investigate the lift, drag, and longitudinal– and lateral-tability and
control characteristics of a canard missile configuration. The results
showed that the force and nmment characteristics in pitch and sidesliy
were regular and that no appreciable change in static stability occurred
over the test range of angle of inclination or of control+mrface deflec-

. tion. It was found that the lift andmment characteristics of the body
alone and in combination with the wing or canard surfaoes could be pre-
dicted reasonably well.by existing theory. For the complete missile,
the predicted values of lift coefficient at both Mch numbers and the



16 NACARMA51C08

pitching-ment coefficients at M = 1.5 were in reasonable agreetint
with the exper-ntal results; whereas at M = 2.0 the pitchingaoment
coefficients were considerably less in magnitude than the eqerimental
values. The lift effectiveness of the canard surfaces was overestimated
atM= 1.5 but predicted closely at M = 2.0 by l~ear theory; whereas
the momnt effectiveness was greatly underestimated at both Mach nunibers.
The crose-force and yawing+m~nt effectiveness of the rudders was pre-
dicted within 15 percent by linearized supersonic airfoil theory. The,
complete configuration in sideslip at a Posi.tive, wgle Of attack exhib-
ited positive dihedral effect which increased with increasing positive
deflections of the canard.surfaces.
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TABIE I.- DIME?fSIONS03’EXPOSEDWINE! AND CONll?OLSUKFACES

I

Horizontal Canard Vertical
Quantity wings surfaces fins Rudder

Surface areas, in.2 3.045 0.345 z.800 0.456

Aspect ratio 2.95 2.50 2.66 -–-

Taper ratio .46 .50 .50 .50

Thickness ratio .06 .06 .06 ---

Ldad~dge swee?back 14.0° 28.1° 20.5° 0°

setis~=) h. 1.531 .488 1.095 1.095

Mean aerodynamic chord, h. 1.063 .385 .851 .213
.

--s=
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TABIX II.- SOMMKRY OF RESUITS

AerodynamicCharacteristicsh Pitch

I
Confip ~

Lift MmHlt Drag

uration dCL dCL dCm dCm HP m l’lw

G- q z- - ““ T %
1.5 0.035 -– o.210 –- -– -–

(.028)
0.40 -–

B
(.195)

2.0 .042 -- .190 -- -- –-
(.028) (.1$?6)

.35 –-

.375 –- -- .041 .41 --

BC

1.5 ~;cl~) --
(.384)

.2$)s –– -- .071 .35 -–2.0 ~:::;, --
(.321)

1.5 .367 -–
(.330)

-.520 –- -- .050
(-.461)

.58 –-

BEP —’—
2“0 (:%)

-.344 –– –- .067 .48 --
(-.266)

1.5 .391 .018 –.256
(.385) (.022) (-.272)(:;:;) (::ti)

.049 .59 .88

BEVC
.055 .49 1.00

2“0 (:2:) (:Y:) (:%) (:%) (::2)

AerodynamicCharacteristicsin Sideslip
[ConfigurationBHVCI

Cross-orce Momnt Drag

M a 6C dCc Acc d(ka ACn &cl

F g T m~ T ‘$ k

1.5 00 (f -0.245 0.031 0.250 0.072 0.59
(_.$JJ9) ( .034) ( .217) :%) 0

00 0° -.208 .021 .180 –. 069 .012 .49
(-.161) (.023) (.090) (-.059) 0

2.0 0° -.195 –- .178 –- –.oo30 .109 .55

3° 4.8° –.ti8 -– .140 –- -.0091 –- .56

9.8° -.185 -– .100 -- -.0183 –– .59

note: The valuesti parenthesesare theoreticalresultscorresponding~
to the experimentalresultsdirectlyabove.
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(a) Side view, a = 8.6°,

~
A-15305.1

(b) Plan view, cL= 3°. A-14270.1

Figure 9.- Schlieren photographs of configuration BHVC in pitch,
b= = 10°, M = 2.0.
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